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Referee #1:
This manuscript shows very cleanly that a subset of Rab GTPases is chaperoned by BAG6, a protein thought to function is quality control of nascent transmembrane domain proteins. The authors study Rab8A that is known to be difficult to purify in active form from bacteria because it exposes a hydrophobic surface that leads to aggregation. A role for BAG6 is surprising and will be of interest to cell biologists studying membrane trafficking, but this reviewer is not sure that the finding is up to the higher bar of suitability for EMBO reports. The later figures show abnormal distribution of STX6 and fluorescent lectin staining but the precise basis for any such changes are not shown and remain unclear. That part of the study is not helpful and decreases the overall assessment of the story as it becomes incrememtal. Finally, the authors speculate that GDI interacts with BAG6 but show no data--this is really not appropriate and requires additional work.
Minor points: Some language editing would be beneficial Line 49, SNAREs do not mediate specificity of docking and fusion as certain SNAREs function in multiple steps.
Referee #2:
This study reports on a key role for Bag6 in the degradation of the GDP-form of certain Rab family members, most notably Rab8a. The authors follow up their initial observation that localization of certain proteins in the endocytic pathway seem to be altered in Bag6-depleted cells. This led them to Rab8a, because knockdown of this protein showed similar phenotypes. The authors found that Bag6 physically interacts with Rab8a via its Switch 1 domain that is specifically exposed in the GDPbound form. This interaction correlates tightly with ubiquitination and degradation, and mutations that perturb the Bag6-Rab8a interaction also lead to stabilization. The author further find that Bag6 interacts with a number of other Rabs and show evidence for multiple types of trafficking defects.
The study is interesting and important because it appears to identify a physiologically important set of substrates for the quality control factor Bag6 and provides mechanistic insight into what is recognized. The evidence for the Bag6-Rab8a interaction, the role of Bag6 in GDP-Rab8a degradation, and the characterization of the region involved in this interaction are all strong. The weak points are that some conclusions are perhaps over-interpreted, and a few of the data may require additional explanations. Overall, the study should be suitable for EMBO Reports with relatively minor revisions as suggested below.
Major points:
1. The authors begin and end their study with observations of altered trafficking and relate these exclusively to Rabs. However, the Bag6 complex is a key component of the tail-anchored insertion pathway that mediates biogenesis of SNAREs. This means that at least some of the trafficking defects might be due to altered SNARE insertion. Thus, the authors should be more cautious in assigning all of the effects to only altered Rab degradation. For example, the first line of the Discussion says "the present study supports the idea that the targets of BAG6 for controlling membrane trafficking events are members of the small GTPase family." This sentence should be revised to say "the present study supports the idea that one set of targets of BAG6..." The authors should mention the possibility that some of the effects seen in Fig. 7 might be due to SNAREs in addition to Rabs, and that this needs to be investigated in future studies.
2. One experimental deficiency of the study is that there is very little analysis of endogenous Rab8a and its relationship to Bag6. The only example I could see is Fig. EV2B , where endogenous Rab8a is shown to be eliminated in the Bag6 knockdown cells. But this is contrary to expectations: if Bag6 is important for degradation of Rab8a-GDP, then either Rab8a levels should not change when Bag6 is knocked down, or possibly increase. I think the authors need to more precisely examine what happens to Rab8a in cells knocked down for Bag6, and if it truly does decrease, they should provide some type of explanation.
3. Related to point (2), it would be more convincing if the authors could show that endogenous Bag6 interacts with endogenous Rab8a. I realise this may not be possible due to inadequate reagents or other technical limitations, but the experiment is worth attempting, and if it does not work, explaining in the paper why. Figure 3H , the authors state that Q67L is not poly-ubiquitinated. However, the "input" lane shows very low levels of poly-ubiquitin for that sample, so the reduced poly-ubiquitin in the IP sample is not easy to interpret. This technical flaw should be fixed if possible.
In
Minor points:
1. In the abstract, the authors say that "Bag6 posses a novel function" but this is not really true. The function being proposed (quality control and degradation) is well established by many papers; it is the substrate that is new. Thus, the better conclusion is to make the claim that Rab family proteins represent a novel set of substrates for the Bag6 quality control pathway.
2. Pg. 4 -"mis-aggregation" should probably just be "aggregation" 3. Pg. 4 -Bag6 is described as a "ubiquitin-like protein" but this is not really accurate. It is better to say Bag6 is a "chaperone/holdase that contains a ubiquitin-like domain" 4. Pg. 6 -in the last sentence of the Introduction, the authors suggest that Bag6 regulates small GTPases to modulate membrane trafficking. This is not really accurate, as there is no evidence of regulation here. The more accurate conclusion is that Bag6 helps to maintain the integrity of membrane trafficking events by limiting excess Rab-GDP accumulation.
5. In Figure 1C , the authors should mention in the text that T22N is expressed at much lower levels than either wild type or Q67L, and that this is due to increased degradation as will be shown later. If you don't make note of this, a reader might be confused.
6. Pg. 11 -in noting that Bag6 has been implicated in protein triage between ER insertion and degradation, the authors cite 8 or 9 different studies. They should strive to be more precise: the role of Bag6 in ER insertion was shown in Mariappan et al., 2010, Nature; the role of Bag6 in degradation of these failed insertion products was shown in Hessa et al., 2011, Nature; and the role of Bag6 in mediating triage was shown in Shao et al., 2017, Science. Many of the other studies are also important for the general idea that Bag6 is involved in protein degradation, but that is more general than what is described in the sentence. In other places as well, it is better to be more precise about citations.
7. Have the authors compared the hydrophobic nature of the Switch 1 regions of the various Rab proteins to see if the ones that interact with Bag6 are more hydrophobic than the ones that do not interact? They should comment on this in the text.
8. Pg. 21 -I think the authors use "alleviates" incorrectly. Perhaps they mean "causes"
Referee #3:
Over the past few years BAG6 has emerged as a new protein chaperone, diverting misfolded and misassembled proteins from the cytosol to the proteasome for degradation. To date, its recognised targets are limited to transmembrane domain proteins and hydrophobic polypeptides, however in this study the authors expand the repertoire of known BAG6 clients to include a subset of Rab GTPases. More specifically, the authors demonstrate that BAG6 binds Rab8a-GDP, but not Rab8a-GTP, to promote its ubiquitin-mediated proteasomal degradation and prevent aggregation in the cytosol after release from membranes. In the absence of BAG6, Rab8a membrane trafficking events become dysregulated and protein sorting to the plasma membrane, as well as protein glycosylation, is defective.
These findings, which are well presented, are novel and of interest to the molecular and cell biology communities. The manuscript is well written with a clear rationale presented for the experiments performed and overall the biochemistry is of a high standard. However, in order to strengthen the conclusions drawn and the clarity of the manuscript the following revisions are suggested to address some minor criticisms prior to publication.
Technical criticisms:
1. BAG6 is argued to prevent aggregation of Rab8a-GDP in the cytosol however this study provides no evidence that aggregation occurs. It is therefore important to show localisation of Rab8a and/or rabin8 in BAG6 KD cells to see whether its distribution is affected and not just protein levels. Since other proteins are mislocalised in these cells it should be possible to see some disruption.
2. Fig EV1A is 3. Rab8a KD is shown to cause similar defects in TfnR localisation to BAG6 KD. It would be interesting to see if Rab8 knockdown induced the same abnormal distribution of Golgi apparatus markers, Ptch1 and Rab7 too to clarify which of the presented phenotypes relate to Rab8 and which to the other Rabs. Perhaps the authors could also check if double depletion of Bag6 and Rab8 could rescue some of the observed membrane sorting defects. Fig.3 that the T22N mutant, but not active Rab8a, is ubiquitinated. Recently it has been described that BAG6 dependent ubiquitylation process is mediated by VCP-UBXN1 complex (Ganji et al.2018 ). It would be interesting to address if Rab8a ubiquitylation is also dependent on this complex or if Bag6 acts independently in this case. At the very least perhaps it is worth speculating on and including the reference. 4. One of the most interesting pieces of data is that Bag6 specifically binds to the hydrophobic region present in the Switch I of the GTPase domain (Fig.4) . This region is formed in Rab8a by three hydrophobic amino acids. Interestingly these hydrophobic amino acids are absent in Rab7 which does not interact with BAG6 -it would be informative to see the alignment of all the Rab proteins in Fig.6 . 5. Linked to the above point, discussion about why some Rabs bind BAG6 and some do not would be useful and interesting. For example, is it the structure of the switch I region or is it Rabs involved in particular pathways/organelles or is it not predicable. 6. Fig. 5B . Quantification of band density at all timepoints would be more useful to see the extent of degradation over time. 7. Fig.6 and the discussion of Fig.6 is not systematic in how it deals with the Rab proteins and there are inconsistencies. For example many of the Rab proteins shown on the blot are then not quantified on the graph ie 35, 6a, a, 5b. Also for some Rabs, the blots presented are not representative of the quantification, for example, a large amount of Rab10 and 1b seems to bind to Bag6 in the blot but not the graph. This may be an artefact of the normalisation and this needs to be looked at more carefully.
Authors show in
1st Revision -authors' response 13 December 2018
Response to Referee #1:
First of all, we would like to express our sincere gratitude to Referee #1 for providing us with a number of insightful and constructive suggestions that have improved our manuscript greatly. We were pleased to read the Referee#1's comments that our manuscript showed very cleanly that a subset of Rab GTPases are chaperoned by BAG6, and that a role for BAG6 is surprising and will be of interest to cell biologists studying membrane trafficking. In the revised version, we have addressed all of the comments of Referee #1 with additional experiments as follows. We hope that our manuscript is now acceptable for publication in EMBO Reports.
1.
Referee 1 emphasized to compare the defects seen with BAG6 and Rab8 knockdown.
At the head of Editor's letter, Referee #1 pointed out that we should compare the defects seen with BAG6 and Rab8 knockdown. We completely agree with the Referee #1's suggestion. In accordance with this important advice, we examined whether Rab8a knockdown induced the abnormal distribution of the endosomal protein Ptc1 in HeLa cells, and the trans-Golgi apparatus marker Stx6 and cis-Golgi markers GS28 and GM130 in CHO cells. As a result, we found that Rab8a depletion caused defects in the localization of all of these organelle-associated marker proteins. For example, the distribution of Ptc1 protein was altered greatly to perinuclear compartments and reduced cytoplasmic vesicular dots in Rab8a-depleted cells (Fig EV1B) , an almost identical phenotype to that observed in BAG6-depleted cells (Fig 1B and Fig EV1A) . The abnormal distribution of Stx6 was observed in Rab8a-depleted CHO cells, which was nearly indistinguishable from the case in BAG6-depleted cells (Fig EV4B) . GS28 and GM130 signals were also dispersed throughout the perinuclear region of the cytoplasm, an overlapping phenotype to that observed in BAG6-depleted cells ( Fig EV4C) . As we had demonstrated in Fig 1A, As we explained in the previous section, we showed that the abnormal distribution of the trans-Golgi apparatus marker Stx6 in Rab8a-depleted CHO cells, which was nearly indistinguishable from the phenotype observed in BAG6-depleted cells (Fig EV4B) , partly supporting the molecular basis for such an abnormality. In addition, the effects of BAG6 siRNAs on organelle markers were found to be conserved in different species, namely, human (HeLa) and hamster (CHO) cells, with their respective independent duplex siRNA sequences, greatly reducing the potential risk for any non-specific (off-target) effect of our knock down experiments. We believe that this should be another indicator of the importance of the study of the distribution of Stx6. For the fluorescent lectin staining experiments, we do not have adequate evidence about the precise basis for such changes at this moment. Nevertheless, this fact suggests a role for BAG6 in glycoprotein sorting from the ER/Golgi to the plasma membrane, we think this finding is worth noting in this study. As a next step, we will try to expand this finding, but it will take a long time before we can complete such mechanistic experiments. Since we wish to publish our current findings in a timely fashion in EMBO Reports, we sincerely request the reviewer's understanding regarding this point.
The authors speculate that GDI interacts with BAG6 but show no data--this is really not appropriate and requires additional work.
First of all, we would like to apologize for not showing our GDI data, despite mentioning them in the Discussion section. We hesitate to include our GDI data because our analysis of these data is too preliminary for publication. Here, we disclose our GDI data to the Referees as "Data for Referee #1" as shown below. We have already confirmed that this observation is reproducible.
Data for Referee #1: GDI1 and GDI2 associate with BAG6.
Flag-tagged GDI1 and GDI2 were expressed in HeLa cells with S-tagged BAG6, and Flagprecipitates were blotted with an anti-BAG6 antibody. Flag-GDI1 (and to lesser extent, GDI2) was co-precipitated with BAG6 exclusively in the presence of MG-132.
Unfortunately, we do not know the exact physiological significance of this preliminary observation at this moment. We completely agree with Referee #1's comment that it was not appropriate to mention this without showing evidence and the underlying rationale. Accordingly, we decided to remove the description of the BAG6-GDI interaction from the revised Discussion. We sincerely apologize for this alteration. We will try to expand this finding in future experiments, but it will take a long time before we can complete this project, and we sincerely re 130 quest the reviewer's understanding regarding this point.
4.
Some language editing would be beneficial. Referee #1 pointed out that the English language of the previous manuscript should be edited. We would like to apologize about this point and the entire manuscript has been scrutinized and corrected by a professional native-speaking English scientist. We hope that the English in the manuscript is now acceptable for publication.
Line 49, SNAREs do not mediate specificity of docking and fusion as certain SNAREs function in multiple steps.
According to this kind suggestion, we have deleted the words " specificity and" as follow:
p.3, line 47. "which mediate vesicle docking and fusion [8, 9] ,"
We believe that these changes have improved the quality of our data greatly and that our manuscript is now acceptable for publication in EMBO Reports.
Thank you very much for your kind support and excellent conceptual suggestions.
Responses to Referee #2
We would like to express our sincere gratitude to Referee #2 for providing us with a number of constructive and important suggestions. We were very happy to read the Referee #2's comments that our study is interesting, important, and that the evidence is all strong. We are also grateful to Referee #2 for kindly recommending our manuscript with the comment that the overall study should be suitable for publication in EMBO Reports. In the revised version, we have addressed all of the comments by Referee #2 as follows. We hope that our manuscript is now acceptable for publication in EMBO Reports.
At the head of Referee #2's letter, Referee #2 pointed out that the weak points are that some conclusions are over-interpreted, and some of the data may require additional explanations. With this advice, we have changed the relevant parts of the revised manuscript as follows. We agree with the comments of Referee #2 completely. At the initial stage of this work, we focused on the effects of BAG6 on the biogenesis of several SNARE components, such as GS28, since these proteins belong to the tail-anchored protein family, as suggested by Referee #2. However, our preliminary study failed to show that the membrane incorporation of these tail-anchored proteins was affected significantly under BAG6 knockdown conditions (please see Data for Referee #2), probably due to the redundancy of an alternative tail-anchored protein insertion pathway, as suggested recently (Shao et al, 2017; Casson et al, 2017) . This is the reason why we did not mention the possible effects on the altered SNARE insertion in the original manuscript.
Data for Referee #2: BAG6 knockdown induces no apparent defects 195 in the membrane assembly of tail-anchored protein GS28. Whole cell lysates from BAG6-depleted cells (BAG6 siRNA) and control cells (Control siRNA) were fractionated into cytosolic and insoluble membrane fractions. The results showed that a tailanchored protein GS28 was detected exclusively in the membrane fraction, even under the BAG6-depleted condition. Note that all cells and extracts were treated with MG-132 (and other protease inhibitors) to prevent the degradation of defective tail-anchored proteins. We used calnexin as an ER marker and tubulin as a cytoplasmic marker.
That being said, we cannot exclude the possibility of defects in the membrane insertion of some SNARE proteins in BAG6-suppressed cells. Accordingly, we cited important references (Shao et al, 2017; Casson et al, 2017) and discussed the possibility that some of the trafficking defects might be due to altered SNARE insertion in the Discussion section, as kindly suggested by Referee #2. Furthermore, we mentioned the possibility that some of the effects seen in Fig 7 might be due to SNAREs in addition to Rabs, and that this needs to be investigated in future studies. We greatly appreciate Referee #2 for providing us an opportunity to discuss this point. We completely agree with Referee #2. According to this comment from Referee #2, we have repeated this experiment, and confirmed our previous findings that Ptc1 proteins were reproducibly increased both under BAG6 and Rab8a knockdown conditions. Since we think this result is so important, we decided to move it from the previous Fig EV2B to the new Fig 1C. Thus, we would like to emphasize that our main conclusion for this experiment was confirmed.
The problem in our previous Fig EV2B was that endogenous Rab8a, shown as a Rab8a knockdown control, seemed to be eliminated in the BAG6 knockdown cells for an unknown reason, but this was contrary to expectations, as pointed out by Referee #2. Accordingly, we examined in detail what happened to endogenous Rab8a in BAG6 knockdown cells. Our repeated experiments showed that the amount of endogenous Rab8a was not decreased in BAG6-suppressed HeLa cells (please see the revised Figs 1C and EV4A). We further confirmed that the case was similar in CHO cells. When we depleted endogenous BAG6 from CHO cells with independent duplex siRNA, the signal intensity of endogenous Rab8a was not affected, neither in western blot analysis (Fig EV4A) nor in immunocytochemical analysis (Appendix Fig S8C) . Since it is likely that the GDP-bound form of Rab8a protein is a minor population compared with its GTP-bound form, the degradation of Rab8a-GDP would have only a minor impact on the total amount of Rab8a protein. Therefore, as suggested by Referee#2, the total amount of Rab8a did not change (or increased slightly) when BAG6 was knocked down. Our experiments support this conclusion directly.
p.21, line 418-p.22, line 423 "Note that the total amounts of Rab8a and Rabin8 were not affected significantly according to western blot ( Fig EV4A) and immunocytochemical (Appendix Fig S8) analyses when BAG6 was depleted. As the GDP-bound form of Rab8a represents the minor population in cells compared with its major GTP-bound form, the degradation of Rab8a-GDP may only have a small effect on the total amount of Rab8a protein. According to this convincing suggestion, we tried to examine whether endogenous Rab8a interacts with BAG6. As shown in the new Figure EV2A , we showed that endogenous Rab8a protein can be co-precipitated with an S-tagged BAG6 fragment from cell lysates. Our difficulty was to precipitate endogenous BAG6 due to technical limitations, as mentioned in Referee #2's comment. Accordingly, we have added relevant sentences and a new Figure EV2A as follows.
p.8, line 155-156. "We also confirmed that endogenous Rab8a protein was associated with BAG6 ( Fig  EV2A) . " 
4.
In Figure 3H, "From these observations, we suggest that 355 Rab proteins represent a novel set of substrates for BAG6, and the BAG6-mediated pathway is associated with the regulation of membrane vesicle trafficking events in mammalian cells."
6.

Pg. 4 -"mis-aggregation" should probably just be "aggregation"
We have corrected our sentence exactly as Referee #2 kindly suggested as follow.
p.4, line 66-67. "have been reported to help prevent the aggregation of Rab proteins"
7.
Pg. 4 -Bag6 is described as an "ubiquitin-like protein" but this is not really accurate. It is better to say Bag6 is a "chaperone/holdase that contains a ubiquitin-like domain"
We have corrected our sentence exactly as Referee #2 kindly suggested. p.4, line 69-70. "BAG6 (also called BAT3 or Scythe) is a chaperone/holdase that contains a ubiquitin-like domain and interacts with aggregation-prone hydrophobic polypeptides"
8.
Pg. 6 -in the last sentence of the Introduction, the authors suggest that Bag6 regulates small GTPases to modulate membrane trafficking. This is not really accurate, as there is no evidence of regulation here. The more accurate conclusion is that Bag6 helps to maintain the integrity of membrane trafficking events by limiting excess Rab-GDP accumulation.
According to the kind suggestion from Referee #2, we have corrected our sentence as suggested:
p.5, line 93-96. "From these observations, we suggest that BAG6 possesses an unexpected but critical function in maintaining the integrity of membrane trafficking events by limiting the excess accumulation of GDP-bound forms of Rab small GTPases."
9.
In Figure 2C ,
the authors should mention in the text that T22N is expressed at much lower levels than either wild type or Q67L, and that this is due to increased degradation as will be shown later. If you don't make note of this, a reader might be confused.
We are grateful to Referee #2 for bringing this to our attention, and we mentioned this fact in the text as follow:
p.45, line 887-889. "Note that the T22N mutant protein was expressed at lower levels than either WT or Q67L, and that this was partly due to increased degradation, as will be shown later. "
10-1. 
Pg. 11 -in noting that
Have the authors compared the hydrophobic nature of the Switch 1 regions of the various Rab proteins to see if the ones that interact with Bag6 are more hydrophobic than the ones that do not interact? They should comment on this in the text.
According to this insightful suggestion, we have provided amino acid sequence alignment of the Switch I region of all Rab proteins listed in Fig 6 (Appendix Fig S4) . In addition to this information, we examined the hydrophobicity profile of Rab family proteins with a Kyte-Doolittle hydrophobicity plot (provided as Appendix Fig S5) . As you will see, BAG6-phile Rab species (such as Rab8a, 3a, 2b and 6b) tended to possess a higher hydrophobicity peak in the Switch I region (boxed as a red rectangle in Appendix Fig S5) Fig S4) and Kyte-Doolittle hydrophobicity plots (Appendix Fig S5) suggest that BAG6-phile Rab species tended to possess a higher hydrophobicity peak in the Switch I region compared with Rab proteins with weak BAG6 interactions." Appendix Figure Legend 12.
Pg. 21 -I think the authors use "alleviates" incorrectly. Perhaps they mean "causes"
Thank you very much for bringing these errors to our attention. We have corrected our sentence exactly as Referee #2 kindly suggested.
p.21, line 415-416. "Thus, the inadequacy of Rab (GDP-bound) protein degradation causes the unregulated accumulation of inactive Rab species,"
We hope that the changes have further improved our manuscript greatly and that our manuscript is now acceptable for publication in the EMBO Reports.
Thank you very much for your kind support.
Responses to Referee #3
We would like to express our sincere gratitude to Referee #3 for providing us with the positive comment that our findings are novel and of interest to the molecular and cell biology communities. We were also very happy to read that our manuscript was well written with a clear rationale presented for the 520 experiments performed and overall the biochemistry was of a high standard. We are grateful for Referee #3's suggestion to strengthen the conclusions drawn and the clarity of the manuscript. In the revised version for EMBO Reports, we have addressed all of the comments from Referee #3 as follows.
Technical criticisms: 1.
BAG6 is argued to prevent aggregation of Rab8a-GDP in the cytosol however this study provides no evidence that aggregation occurs. It is therefore important to show localisation of Rab8a and/or rabin8 in BAG6 KD cells to see whether its distribution is affected and not just protein levels. Since other proteins are mislocalised in these cells it should be possible to see some disruption.
According to this insightful suggestion, we tried to examine the localization of endogenous Rab8a in BAG6 knockdown cells to see whether its distribution is affected. Unfortunately, we did not detect such an abnormality, including aggregation, of endogenous Rab8a protein in BAG6-suppressed HeLa (Appendix Fig S8A) and CHO (Appendix Fig S8C) cells. We suspect this was partly because the majority of the signal detected by the anti-Rab8a antibody is derived from the stable GTP-bound form of Rab8a (please note that the GTP-bound form is not a target of BAG6), while the signal for the GDP-bound form might be difficult to detect by immunocytochemistry due to its relatively small population. We also had difficulties identifying defects in the distribution of Rabin8 in BAG6-suppressed cells (Appendix Fig S8B) . Although we were disappointed not to see any defects in their distribution, we included these observations as Appendix Fig S8 and 
Rab8a KD is shown to cause similar defects in TfnR localisation to BAG6 KD. It would be interesting to see if Rab8 knockdown induced the same abnormal distribution of Golgi apparatus markers, Ptch1 and Rab7 too to clarify which of the presented phenotypes relate to Rab8 and which to the other Rabs.
In accordance with this important suggestion, we examined whether Rab8a knockdown induced the abnormal distribution of the endosomal protein Ptc1 in HeLa cells, and the trans-Golgi apparatus marker Stx6 and cis-Golgi markers GS28 and GM130 in CHO cells. As a result, we found that Rab8a depletion caused defects in the localization of all of these organelle-associated marker proteins. For example, the distribution of Ptc1 protein was altered greatly to perinuclear compartments and reduced cytoplasmic vesicular dots in Rab8a-depleted cells (Fig EV1B) , an almost identical phenotype to that observed in BAG6-depleted cells (Figs 1B and EV1A ). An abnormally dispersed distribution of Stx6 was observed in Rab8a-depleted CH 585 O cells, which was nearly indistinguishable to the case in BAG6-depleted cells (Fig EV4B) . GS28 and GM130 signals were also dispersed throughout the perinuclear region of the cytoplasm, an overlapping phenotype to that observed in BAG6-depleted cells ( Fig EV4C) . As we had previously demonstrated in Fig 1A, the distribution of the recycling endosomal protein TfnR was also affected similarly by BAG6 or Rab8a depletion. Although we are unable to discriminate the phenotypes associated with Rab8a and the other Rabs conclusively, these observations support our original view that the function of BAG6 is closely linked with that of Rab8a protein. p.6, line 118-120. "The defective distribution of Ptc1 was also observed following Rab8a depletion ( Fig  EV1B) , which was a similar phenotype to that observed in BAG6-depleted cells (Fig 1B  and Fig EV1A) ."
p.16, line 315-317. "The abnormally dispersed distribution of Stx6 was also observed in Rab8a-depleted CHO cells, which was nearly indistinguishable to the case in BAG6-depleted cells (Fig EV4B) ." p.17, line 322-325. "In BAG6 knockdown cells, however, their signals were separated with less co-localization throughout the perinuclear region of the cytoplasm ( Fig 7B, right panel; compare the red and green signals), a similar phenotype to that observed in Rab8a-depleted cells (Fig EV4C) ." In accordance with this convincing suggestion, we tried to knockdown BAG6 and Rab8 simultaneously, and examined whether the double depletion of BAG6 and Rab8 could rescue some of the observed membrane sorting defects in BAG6 knockdown cells. As shown in Fig EV4C, it was difficult for us to see a difference between the phenotypes of BAG6 knockdown and BAG6/Rab8a double depletion. Similarly, we did not see an obvious rescue effect in the case of Ptc1 (Appendix Fig S1D) . We reasoned that Rab8a knockdown not only down-regulates the harmful accumulation of the GDP-bound form (a BAG6 target) but also depletes the major active form of Rab8a (please note that the GTP-bound form is not a target of BAG6). Accordingly, we presented the results of this experiment in the new Fig EV4C and 
4.
Authors show in Fig.3 
that the T22N mutant, but not active Rab8a, is ubiquitinated. Recently it has been described that BAG6 dependent ubiquitylation process is mediated by VCP-UBXN1 complex (Ganji et al.2018). It would be interesting to address if Rab8a ubiquitylation is also dependent on this complex or if Bag6 acts independently in this case. At the very least perhaps it is worth speculating on and including the reference.
According to this insightful suggestion, we examined the effects of the depletion of UBXN1 and VCP/p97/CDC48. As anticipated, BAG6 depletion reproducibly stimulated the accumulation of the Rab8a T22N mutant, while its polyubiquitination was greatly compromised (Data for Referee #3). In the case of VCP knockdown, cell viability was greatly reduced, probably due to its essential function in viability; thus, we found it difficult to conclude whether VCP/p97/CDC48 is indeed indispensable for the polyubiquitination of Rab8a. In the case of UBXN1 knockdown, we did not see reproducible effects on the polyubiquitination of Rab8a protein, which was sometimes decreased and other times not changed. We are sorry to say that we could not obtain conclusive results with this experiment. Accordingly, we added relevant explanations in the Discussion section as follows and cited the reference Ganji et al. (2018) Fig.6 . According to this kind comment, we have provided amino acid sequence alignment of the Switch I region of all Rab proteins listed in Fig 6 as Appendix Fig S4 . In addition to this information, we examined the hydrophobicity profile of Rab family proteins with a Kyte-Doolittle hydrophobicity plot (provided as Appendix Fig S5) . As you will see, BAG6-phile Rab species (such as Rab8a, 3a, 2b, and 6b) tended to possess a higher hydrophobicity peak in the Switch I region (boxed as a red rectangle in Appendix Fig  S5) Fig S4) and Kyte-Doolittle hydrophobicity plots (Appendix Fig S5) suggest that BAG6-phile Rab species tended to possess a higher hydrophobicity peak in the Switch I region compared with Rab proteins with weak BAG6 interactions."
Appendix Figure Legend Thank you very much for your stimulating idea about the mechanism by which some Rabs bind BAG6 and some do not. As discussed in the previous sections, BAG6-phile Rab species tended to possess higher hydrophobicity in the Switch I region, suggesting that this could be one of the factors that determined the affinity of Rab proteins with BAG6. This view is further strengthened by our new experiments using chimeric Rab8a protein with the Rab7-type Switch I sequence (Fig EV3A, B) . This experiment revealed that such a chimeric Rab8a had reduced affinity with BAG6 compared with wild type Rab8a, suggesting the importance of the Switch I sequence. However, it seems likely that the Switch I sequence is not the sole determinant of BAG6 affinity, since a Rab7 GDP mutant (Rab7a T22N) also showed increased affinity for BAG6 (Appendix Fig S7) , although its affinity was less than that of Rab8a T22N. Collectively, we consider that there are at least two critical factors that determine BAG6 affinity; one is the Switch I sequence (exposed hydrophobicity) and the other is the ratio of the GDP-/GTP-bound forms of respective Rab species, which are greatly influenced by their specific GEF/GAP interactions in the cells. Indeed, our experiments showed that reducing Rab8a GEF (Rabin8) greatly enhanced the affinity of Rab8a for BAG6 (Fig 2F) . Accordingly, we discussed these possibilities in the Discussion section as follows. Thank you very much for providing us with an opportunity to discuss this useful and interesting possibility.
p.13, line 254-256. "In addition, the "8a-7a chimera" T22N protein with Rab7-type Switch I sequence showed reduced affinity with BAG6 compared to the case for Rab8a T22N (Fig EV3A,  B) ." p.20, line 386-p.21, line 401. "The mechanism by which some Rab proteins bind BAG6 and others do not is an interesting issue. As shown in Fig 4A and Appendix Figs S4 and S5, BAG6-phile Rab species tended to possess higher hydrophobicity in the Switch I region, suggesting that this could be one of the factors that determine their affinity with BAG6. This view was further strengthened by our experiments using chimeric Rab8a T22N protein with the Rab7-type Switch I sequence (8a-7a chimera, Fig EV3) . This experiment revealed that such a chimeric Rab8a (T22N) protein had reduced affinity with BAG6 compared to Rab8a (T22N), suggesting the importance of the Switch I sequence. However, it seems likely that the Switch I sequence is not the sole determinant for BAG6 affinity, since a Rab7 GDP mutant (Rab7a T22N) also showed increased affinity for BAG6, although its affinity was less than that of Rab8a T22N (Appendix Fig S7) . Collectively, we consider there are at least two critical factors that determine the affinity of Rab protein for BAG6: one is the Switch I sequence (exposed hydrophobicity) and the other is the ratio of the GDP-/GTP-bound forms of respective Rab species, which is greatly influenced by their specific GEF/GAP interactions in the cells. Indeed, our experiments showed that reducing Rab8a GEF (Rabin8/Rab3IP) activity greatly enhanced its affinity for BAG6 (Fig 2F) ." We would like to apologize for the inconsistencies in the previous Fig 6. The reason why we could not show quantified data for Rab35, 6a, 5b, and 3a was due to the small number of experiments performed (less than 3 independent biological replicates) with these Rab species. Accordingly, we have repeated this experiment with each Rab protein, and now we have provided quantified data for Rab35, 6a, 5b, and 3a. Therefore, we replaced the original Fig 6B with the revised version and added relevant sentences as follows.
p.50, line 983-987. "The number of independent biological replicates was as follows: Rab1a, n = 4; Rab1b, n = 5; Rab2b, n = 3; Rab3a, n = 4; Rab4, n = 4; Rab5a, n = 3; Rab5b, n = 4; Rab6a, n = 5; Rab6b, n = 4; Rab7a, n = 3; Rab8a, n = 14; Rab9b, n = 4; Rab10, n = 6; Rab11a, n = 3; Rab11b, n = 3; Rab12, n = 2; Rab13, n = 6; Rab14, n = 3; Rab15, n = 5; Rab35, n = 875 3."
7-2.
Also for some Rabs, the blots presented are not representative of the quantification, for example, a large amount of Rab10 and 1b seems to bind to Bag6 in the blot but not the graph. This may be an artefact of the normalisation and this needs to be looked at more carefully. Thank you very much for your suggestion. The reason why the previous quantification of some Rabs, such as Rab10 and 1b, did not correspond exactly to the representative blot was largely due to the variation of the results in each experiment. Accordingly, we have repeated the experiments, re-quantified the data, and substituted the original graph with the new data in this revised manuscript.
Thank you very much for providing us with an opportunity to strengthen our results. We greatly appreciate valuable suggestions from Referee #3 to improve our study and that our manuscript is now acceptable for publication in EMBO Reports. Thank you very much for your kind support.
2nd Editorial Decision 18 January 2019
Thank you for the submission of your revised manuscript to EMBO reports. It was evaluated again by referees 2 and 3 and we have now received their reports (copied below).
As you will see, both referees are very positive about the study and support publication without further revision.
Browsing through the manuscript myself, I noticed a few things that we need from the editorial side before we can proceed with the official acceptance of your study.
For animal studies, include a statement about randomization even if no randomization was used.
4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results (e.g. blinding of the investigator)? If yes please describe. Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.
In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. Every question should be answered. If the question is not relevant to your research, please write NA (non applicable). We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human subjects.
definitions of statistical methods and measures:
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including how many animals, litters, cultures, etc.).
Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return) a specification of the experimental system investigated (eg cell line, species name).
C-Reagents
B-Statistics and general methods
the assay(s) and method(s) used to carry out the reported observations and measurements an explicit mention of the biological and chemical entity(ies) that are being measured. an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
Data
the data were obtained and processed according to the field's best practice and are presented to reflect the results of the experiments in an accurate and unbiased manner. figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way. graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical replicates. if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified the exact sample size (n) for each experimental group/condition, given as a number, not a range;
Each figure caption should contain the following information, for each panel where they are relevant:
Captions
The data shown in figures should satisfy the following conditions:
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship guidelines on Data Presentation.
YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê
In our experiments shown in this paper, we made every efforts to performe at least three independent biological replicates.
NA
We did not exclude any samples or results unless positive-and negative-controls in simultaneous assay did not work. 
